Proton-pump inhibitors (PPIs) are one of the most active ingredients prescribed in Spain. In recent decades there has been an overuse of these drugs in both outpatient clinics and hospitals that has lead to a significant increase in healthcare spending and to an increase in the risk of possible side effects. It is important for health professionals to know the accepted indications and the correct doses for the use of these drugs. On the market there are different types of PPI: omeprazole, pantoprazole, lansoprazole, rabeprazole and esomeprazole. Omeprazole is the oldest and most used PPI, being also the cheapest. Although there are no important differences between PPIs in curing diseases, esomeprazole, a newgeneration PPI, has proved to be more effective in eradicating H. pylori and in healing severe esophagitis compared to other PPIs. In recent years the use of generic drugs has spread; these drugs have the same bioavailability than the original drugs. In the case of PPIs, the few comparative studies available in the literature between original and generic drugs have shown no significant differences in clinical efficacy.
INTRODUCTION
Proton-pump inhibitors (PPIs) represent a family of drugs widely used in our country. The advent in the nineties of PPIs was a great revolution in the treatment of ulcer disease and gastroesophageal reflux. The main problems of PPIs at present time are its overuse and the errors in the therapeutic indication. This fact leads to a considerable health economic cost and the risk of long-term side effects. In this review the main problems of PPIs prescription, their indications, the differences between PPIs and tips on their use are discussed.
Brief historical memory: since alkaline diets until PPIs
The treatment of ulcer disease and gastroesophageal reflux disease (GERD) in the early twentieth century was the prescription of alkaline foods like milk, eggs and puree (1) . Later, there were products as sodium bicarbonate that improved symptoms but did not prevent complications. Surgical treatment consisted of different types of gastric surgeries for peptic ulcer disease and Nissen fundoplication for GERD (2) .
In the mid twentieth century the use of muscarinic antagonists was introduced, atropine being its main active ingredient. Acids secretion was partially inhibited by blocking the muscarinic receptor of the parietal cell. However, these drugs had little effectiveness and numerous adverse effects due to the amount of muscarinic receptors distributed throughout the body. E-type prostaglandin was discovered later, but, again, the limitations of these substances were their short half life and side effects. An important progress in gastric antisecretory therapy was the appearance of H 2 receptors antagonists (H 2 blockers) (3). The most used were ranitidine and famotidine. These drugs established a substantial change by blocking the action of histamine receptor in gastric parietal cells and achieving effective control in the production of hydrochloric acid (4) . However, despite their greater clinical efficacy, they did not attain a complete healing of the esophageal and gastric lesions because they were unable to completely hold back the gastric acid secretion (5) .
The revolution in the management of peptic diseases occurred in the mid seventies, using pyridine-2-thioacetamide, a compound that was being studied for its possible antiviral effect. Modifying this substance the timoprazole was created, the first PPI which had a gastric antisecretory effect. In 1979 omeprazole was synthesized, it had higher affinity for the proton pump of the parietal cell and fewer adverse effects (6) . In subsequent years most clinical efficacy of PPIs relative to H 2 blockers was demonstrated and quickly new fields of research were opened, leading to the synthesis of new PPIs (pantoprazole, lansoprazole, rabeprazole and esomeprazole) with differential features to omeprazole.
OVERUSE AND ITS CONSEQUENCES
The prescription of PPIs has increased in recent years. In 2010, omeprazole became the most active ingredient consumed in packs in Spain, representing 5.51% of total drug packaging invoiced in that year (7) . In the subgroup of ulcer drugs between 2000 and 2008, the use of PPIs increased 200.8% and at the same time, the prescription of H 2 -blockers decreased. Among the different PPIs, in 2007 esomeprazole became the PPI with higher growth rates (8) . Regarding other European countries, Spain is the leader in the use of anti-ulcers, with a prescription of 70% above the average (9) .
The overuse of PPIs has been demonstrated in several studies (10) (11) (12) . In a study conducted at the Hospital de Guadalajara, Martín-Echevarría et al. found that among patients taking PPIs at admission, 73% had an inadequate indication and 38% of patients were discharged with this medication even without correct indication (13) . In outpatient clinics, a cross-sectional study conducted in the IV area of Madrid showed that only 36.4% of PPIs consumers meet the criteria of adequate indication of PPIs (14) . In patients hospitalized in the US treated with gastric antisecretory there has been an inadequate indication in 60% of the cases; the most frequent prescription error was the prophylaxis of gastrointestinal lesions in patients with low gastrolesive risk (15, 16) .
Risk of side effects of PPIs increases with the overuse of PPIs. The most common are headache, abdominal pain, diarrhea, bloating, nausea and constipation. They usually are mild and reversible upon discontinuation of the drug. On the other hand, security with long-term use has been controversial in recent years.
Gastric acid is one of the barriers against infections of the upper gastrointestinal tract, for this reason hypochlorhydria has been associated with increased of enteric and respiratory infections caused by microaspiration. Enteric Campylobacter and Salmonella infections, sensitive acid bacteria, have been linked to the use of PPIs (17, 18) . Furthermore, it has been suggested that this drug could also increase the risk of Clostridium difficile colitis. One meta-analysis and one systematic review have both found this association, despite the high heterogeneity of the studies that did not include any clinical trial (19, 20) . Several epidemiological studies have linked PPIs to increased risk of community-acquired pneumonia, especially during the first days of prescription (21,22); in 2011 a meta-analysis confirmed the association with an OR of 1.27 (95% CI 1.11 to 1.26) (23) . However, in more recent studies, this association has not been observed (24, 25) .
A recent case-control study describes that PPIs may increase the risk of cryptogenic liver abscesses (26) . Bone fractures have also been linked in several observational studies (27) . A crossover study analyzed bone mineral density of the hip and lumbar vertebrae, and it showed no association between PPI use and osteoporosis (28) .
The absorption of vitamin B 12 and magnesium requires gastric acid and PPIs could be responsible for producing deficiencies of these elements. In the case of vitamin B 12 , most of the studies are case-control and many of them have been questioned because the method of measurement of vitamin B 12 is not taking into account the patient's diet (29, 30) . Furthermore, studies of low methodological consistency have associated PPI for over a year with hypomagnesaemia (31, 32) . The Food and Drug Administration (FDA) has issued a warning about it and recommends applying serum magnesium levels before starting longterm treatment with PPIs and monitoring magnesemia in patients with risk factors (33).
Recently, two multicenter clinical trials with 812 patients have been published. They were randomized to patients with GERD taking PPIs (esomeprazole or omeprazole) long-term or undergo a laparoscopic antireflux surgery with a follow-up of 5 and 12 years (34) . Adverse hematologic effects were analyzed and analytical studies were performed with measurements of vitamin B 12 , homocysteine, folate, iron, ferritin, calcium and vitamin D. No relevant clinical and analytical differences between the two groups were observed.
MECHANISM OF ACTION OF PPIS
Gastric acid production is controlled by a series of endogenous mediators. Somatostatin and prostaglandins are the main inhibitors of the secretion, while the most important stimulators are acetylcholine, gastrin and histamine. The latter bind to a specific G protein-coupled receptor in the basolateral membrane of the parietal cell and by different routes, they activate ATPase-dependent proton pumps. This pump exchanges potassium with hydrogen and it is located in the apical membrane of the parietal cell (35) .
The various drugs used to achieve an increase in the intragastric pH are based on the inhibition of this proton pump, binding to different receptors of the parietal cell. The differential and main characteristic of PPIs is their ability to bind directly and irreversibly to this proton pump. This pump is the last metabolic step in the production of hydrochloric acid and it is effectively inhibited. Despite being an irreversible bond, trying to reach 100% inhibition, high doses in short time intervals or continuous intravenous infusions of these drugs are needed. This is due to several factors: the short plasma half-life, the continuous synthesis of new proton pumps by the parietal cell and the fact that only active pumps that are exposed to canalicular lumen are blocked (36) .
Through this mechanism, PPIs achieve inhibit basal gastric acid secretion and stimulation induced which appears with intake; reduce secreted pepsinogen and pepsin proteolytic activity. It has not been shown in vivo models that PPIs are able to eradicate Helicobacter pylori. However, in vitro studies have shown that these drugs inhibit the enzyme urease which protects the microorganism from an acidic pH (37) . Furthermore, it has also been observed that PPIs can stimulate the bactericidal action of antibiotics such as clarithromycin (15) .
To prevent inactivation of PPI in the stomach acid medium, these drugs require an enteric coated. After absorption in the duodenum, they reach the peak plasma concentration in 30 minutes-3 hours. Intake with food delays absorption. After a standard dose of PPI, the acid secretion is fully recovered after 72-96 hours and its bioavailability increases with repeated doses (36) . The short plasma half-life of PPIs results in a low incidence of toxicity, even in situations of reduced clearance such as the elderly or patients with liver and/or kidney failure. Only in cases of marked decrease in liver function it will be necessary to reduce the dose of these medications (38) .
PPIs are metabolized primarily in the liver by the action of cytochrome P450, mainly by CYP2C19 and CYP3A4 isozymes (39) . Most PPIs have higher affinity for CYP2C19 than CYP3A4; this last is reserved when the main route is saturated. They have demonstrated that CYP2C19 polymorphisms produce alterations in the metabolism and life variations in drug plasma (40) .
Depending on CYP2C19 phenotypes, there are fast or slow metabolizers. The so-called "fast metabolizers" are CYP2C19 homozygous and heterozygous mutation without a single mutation; and the so-called "poor metabolizers" are CYP2C19 with two copies of the mutated gene (41) . Fast metabolizers correspond to 1% of the black population, 2-6% of the Caucasian population and 15-23% of the Asian population (42) .
This group of patient metabolizes the drug faster, with a significant decrease in PPI blood concentration and the therapeutic response (40) . It has been observed that poor metabolizers have higher H. pylori eradication rates compared to fast metabolizers. Moreover, in non-erosive GERD, reflux esophagitis and duodenal ulcer a variation in the therapeutic results has also been observed in function of the metabolizer phenotype. In our country, there are few fast metabolizers; however, in areas of East Asia they can reach 23% of the population and adjusting the dose according to the detected polymorphism could be an option, offering a more personalized therapeutic prescription (43) .
ACID INHIBITION POWERFUL AND PHARMACOLOGICAL DIFFERENCES BETWEEN PPI
Depending on the therapeutic indication, the potency of inhibition of gastric acid secretion required will be different. Thus, although in some patients with GERD the levels of hydrochloric acid in the distal esophagus are within normal range, for symptomatic GERD a higher acid inhibition to achieve therapeutic success is required in comparison with peptic ulcer (44) . In the treatment of upper gastrointestinal bleeding, gastric pH must be as high as possible to avoid degradation of the clot and accelerate healing and ulcer cicatrization (45) .
There are different parameters that must be taken into consideration when the available PPIs are compared. Among them, the average time during which intragastric pH is greater than 4 is relatively sensitive to changes in pH within 24 hours and easily understood (45) . In cases such as GERD or upper gastrointestinal bleeding it is necessary to obtain an intragastric pH above 4 for at least 16 hours a day (46) .
Furthermore, inhibition of gastric acid secretion by PPIs is influenced by individual characteristics and external factors. Individual factors include interpersonal variation in metabolism of PPIs regarding polymorphisms and P2C19 cytochrome CYP3A4, as discussed previously. Among the external factors H. pylori infection is one of them. It has been observed that the degree of inhibition of gastric secretion with PPIs is greater in patients infected with H. pylori (47) . It is thought that gastritis caused by H. pylori induces an overproduction of gastrin to activate parietal cells and proton pumps, increasing the action of PPIs. Furthermore, the ammonia produced by H. pylori could help PPIs to neutralize gastric acid (48) .
Regarding the pharmacological differences between other gastric antisecretory, anti-H 2 have a faster onset of pharmacological effect than PPIs. However, these drugs develop early tachyphylaxis and their antisecretory capacity decreases after the first 12-24 hours after administration (49) . Currently, the use of anti-H 2 is restricted to the management of mild non-erosive GERD, in some patients with functional dyspepsia, in patients with hypersensitivity to the PPIs and in patients who need to perform a diagnostic test for H. pylori infection and they require a sustained gastric antisecretory (36) .
The different types of PPIs currently available have similar pharmacological characteristics. However, they can be differentiated by the equivalent dose, route of administration available, price or drug interactions. The equivalent dose, route of administration and duration of acid inhibition of different PPIs are shown in table I. Regarding the route of administration, in Spain omeprazole, pantoprazole and esomeprazole are marketed for intravenous use. While the price of the drug should not be the highest priority, it should be a factor to be considered. Using data from 2014, omeprazole is the cheapest PPI in the Spanish pharmaceutical market, followed by lansoprazole, pantoprazole, rabeprazole and esomeprazole. With regard to the differences in time action, it has been found that rabeprazole, compared with omeprazole, has a greater efficacy in reducing symptoms of severe GERD in the first three days of treatment (49), these differences disappear from the fourth day of administration. Regarding the duration of gastric acid inhibition, in a randomized crossover study by Miner et al. it was found that the average hours intragastric pH above 4 was 14 h with esomeprazole, 12.1 h with rabeprazole, 11.8 h with omeprazole, 11.5h with lansoprazole and 10.1 h with pantoprazole. Esomeprazole has a longer duration of gastric acid inhibition statistically significant than the other drugs (50) .
Drug interactions with PPIs are few and clinically irrelevant. The affinity for both cytochrome P450 (CYP2C19 and CYP3A4) differs between the types of PPIs and this could theoretically produce slight differences in the interactions. Pantoprazole and rabeprazole have a non-enzymatic metabolism pathway (39) and for this reason, it has been suggested that these two drugs could have less interaction than omeprazole or lansoprazole. However, in clinical practice the risk of drug interaction is extremely low (51). Table II shows the indications of PPIs in Spain (52) . Gastroenteropathy by nonsteroidal antiinflammatory drugs (NSAIDs) prophylaxis is probably the PPI indication that produces most confusion among prescribers of this medicine. PPIs indications in these patients are shown in table III (53) . Recently, in a meta-analysis with 8,780 participants of 10 clinical trials, it was confirmed that the use of PPIs decreases the risk of ulcers and gastrointestinal bleeding associated with the use of low-dose aspirin (54) . This was also demonstrated with dual antiplatelet therapy with clopidogrel without causing an increase in cardiovascular events.
INDICATIONS OF PPIS
The use of PPIs in the prophylaxis of stress ulcer is limited to patients who are in intensive care and present risk factors for peptic ulcer (history of ulcer, acute renal failure, liver cirrhosis, coagulopathy, shock, severe sepsis, multiple organ failure, need for mechanical ventilation, head trauma, neurosurgery or mild burns) (52) .
In upper gastrointestinal bleeding due to peptic ulcer with high risk of rebleeding, after endoscopic effective treatment, continuous infusion PPIs have been shown to reduce recurrent bleeding compared to a placebo (55) . In major clinical guidelines, the use of one or two intravenous bolus dose of PPIs followed by a continuous infusion of 8 mg/h has been recommended. This pattern has been questioned following a recent meta-analysis comparing intermittent administration of PPIs versus continuous perfusion. It shows that intermittent dose is comparable to continuous infusion in relation to the risk of rebleeding, mortality and need for transfusion (56) . However, this study has methodological limitations and heterogeneity in the frequency and dose of drug with comparative studies (57) . Furthermore, it has been also reported that administration of oral and intravenous PPIs achieved similar rates of rebleeding, mortality, need for hospitalization and surgery after bleeding for high risk peptic ulcer (58) .
GERD symptoms are often more difficult to control in patients without esophageal lesions (59) . In many patients with erosive GERD, PPIs fail to achieve complete healing of esophageal lesions. It has been described that over 20% of patients with GERD have an inadequate response to taking omeprazole 20 mg twice per day (60) . A high dose of omeprazole (80 mg/day) improves the symptoms on refractory patients (60) . One of the probable causes of failure in the effectiveness of standard dose is the night event of acid escape, when a suitable acid inhibition does not occur for long periods (61) . However, even today it remains unclear the clinical significance of this phenom- enon and whether it is related to the lack of therapeutic response to these medications. Other causes of refractoriness to the treatment include poor compliance, hypotensive lower esophageal sphincter and ineffective esophageal peristalsis (62) . One of the tested treatments to treat dyspepsia (not investigated and functional) is the use of PPIs (63) . Several systematic reviews have shown that PPIs are superior to a placebo in the disappearance or improvement of symptoms of dyspepsia (64) . The highest efficacy was observed in patients with ulcer or gastroesophageal reflux symptoms. No differences were shown in the group with dysmotility-like dyspepsia (65) . Although clinically relevant outcomes do not exist, the use of PPIs is recommended in these patients for several reasons: they are drugs with few side effects and patients misclassified as functional dyspepsia that really present illness peptic ulcer or GERD can benefit from this treatment (36, 66) .
In eosinophilic esophagitis, PPIs are useful for the differential diagnosis of GERD and PPI-responsive esophageal eosinophilia (67, 68) . In exocrine pancreatic insufficiency, the use of these drugs has increased due to the refractoriness of enzyme replacement therapy. Associating a PPI to enzymatic treatment, the pH increases and lipase degradation decreases secondarily (69) .
CLINICAL DIFFERENCES BETWEEN PPIS
Although there are, as mentioned above, certain pharmacological disparities between PPIs, the impact of these differences in their effectiveness for healing various diseases is difficult to establish by the scarcity of quality comparative studies. However, there are data that suggest under certain diseases the choice of either PPI.
In H. pylori infection it has been shown that PPIs increase eradication rates of this microorganism (70) . The potent inhibition of gastric acid secretion induces antibiotics stability in acidic gastric environment and increases the sensitivity of some antibiotics against the bacteria (45). Next-generation PPIs, rabeprazole and esomeprazole, have shown greater H. pylori inhibitory potential than first-generation ones (71) (72) (73) . A recent meta-analysis shows that the use of next-generation PPIs (rabeprazole and esomeprazole) in standard triple therapy gets higher eradication rates than first generation PPIs (74) . In addition, this superiority was higher when comparing esomeprazole managed to double dose with first generation PPIs. However, no statistically significant differences between rabeprazole and esomeprazole were observed. Moreover, in this same study, rates of eradication of the new generation PPIs were not affected by the phenotype of CYP2C19, while the first generation had a tendency to lower rates eradication in fast metabolizers of PPI. This suggests that any standard dose PPI produces maximal inhibition in poor metabolizers, while fast metabolizers high doses of PPIs are required to achieve the same degree of inhibition (74) . For this reason, new generation PPIs can be an attractive option in countries with high rate metabolizers.
In the treatment of GERD in patients with typical symptoms of the disease and no evidence of clinical alarm, empirical treatment with standard dose PPI for 2-4 weeks is recommended (63) . However, approximately 75% of patients with typical symptoms of GERD do not have erosive reflux disease and severe symptoms are not predictive of erosive esophagitis (75) . In patients with GERD, there has been seen a faster clinical improvement during the first five days with esomeprazole 40 mg versus omeprazole 20 mg, lansoprazole 30 mg and pantoprazole 40 mg; however, these differences are not maintained from the fifth day of treatment (76). Eggleston et al. compared rabeprazole 20 mg, esomeprazole 20 mg and 40 mg in the treatment of GERD. No significant differences in resolution of symptoms between rabeprazole 20 mg, esomeprazole 20 mg and 40 mg esomeprazole were identified (75) . Regarding the refractory GERD, a recent study evaluates the effect of the change of PPI, noting that 28.4% of patients had no improvement after administration of omeprazole 20 mg daily for 8 weeks and when in this group of patients omeprazole was replaced by rabeprazole 20 mg daily, clinical improvement was observed in only 23.5% (77) .
In relation to the erosive GERD, in a recent systematic review different types of PPI were compared in patients with severe erosive esophagitis grades C and D of the Los Angeles classification, esomeprazole 40 mg showed a substantial advantage over four PPIs (omeprazole 20 mg, omeprazole 40 mg, pantoprazole 40 mg and lansoprazole 30 mg) for cure rates at 4 and 8 weeks (78) . Low doses of PPI compared with standard doses are not equally effective in healing erosive esophagitis or symptomatic GERD (79) . However, in maintenance treatment of GERD there is similar efficacy.
In the maintenance treatment of peptic ulcer it has been found that low doses of PPI have similar effects to standard doses (79) . In healing rates of ulcers there are not statistically significant differences between omeprazole, pantoprazole, lansoprazole and rabeprazole (80) . There are no studies comparing esomeprazole with other PPIs.
ORIGINAL, GENERIC, COPY AND SIMILAR DRUGS
In the pharmaceutical market there are many commercial names for PPI: original, generic and similar PPI. Subjective clinical differences observed by some clinicians in daily clinical practice with these different types of PPI have questioned the use of generic drugs. It is important to clarify the conceptual differences between the various types of pharmaceutical preparations of PPI:
-Original drugs are new molecules that have passed through all stages of research required for the development of a new active substance. (82) . There are no comparative trials between original and similar drugs.
TIPS TO OPTIMIZE PPI TREATMENT
Despite the widespread use of PPIs, lack of knowledge in the administration dose or schedule may reduce its effectiveness. It is therefore important to explain to patients when and how to take PPIs.
It is recommended to administer PPI fasting and about 30 minutes before a meal, as the presence of food in the stomach reduces its absorption. Furthermore, fasting administration makes the peak plasma concentration match the maximum number of activated proton pump. In nocturnal GERD, it has been found that omeprazole administration before dinner reaches greater inhibitory levels than its administration before breakfast (83) . Moreover, in patients with GERD administration twice daily is more effective than once, although it can hinder adherence.
In relation to the dose, PPI dose must be individualized according to clinical indication and therapeutic response. In GERD, doses up to 80 mg a day of omeprazole can be achieved depending on the intensity of symptoms (60) .
Esomeprazole 40 mg twice daily could achieve higher responses than omeprazole 80 mg/day (36) . It has been suggested that monitoring gastric pH during treatment may help to identify non responders to the prescribed dose of PPI and to increase the dose to achieve adequate control, defined as a pH greater than 4 at least 16 hours. However, this clinical practice systematically is not recommended due to the discomfort of the test and the cost of it (36) .
In H. pylori eradication it is currently recommended to use double doses of PPI to optimize the eradication efficacy (84) . A recent meta-analysis has shown that double dose PPI increases cure rate by 8% compared with the use of standard dose (85) . Another meta-analysis has shown that when PPI is administered every 12 hours cure rates are also higher than when administered once daily (86) .
As already mentioned, interactions of PPIs with other drugs are scarce. Nevertheless, the prescription of PPIs with clopidogrel has been disputed due to suspicion of an increase in cardiovascular events (87) . This fact conditioned sending of communications by the FDA and the European Medicines Agency (EMEA) warning about this risk and even discouraging the concomitant use of PPIs and clopidogrel in patients with cardiovascular risk. The Spanish Medicines Agency advises against using clopidogrel with omeprazole and esomeprazole, despite the lack of solid studies, and the FDA recommended pantoprazole as an alternative in these patients. In 2012 a meta-analysis found that concomitant use of PPIs with clopidogrel in patients with coronary disease was associated with an increase in acute coronary syndrome or major cardiovascular events. However, the study concluded that there was insufficient evidence to say anything for drug interactions (87) . Given the absence of definitive evidence, it seems prudent to weigh the gastrointestinal and cardiovascular risks in each patient. When there is an obvious gastrointestinal risk, we must exert a prevention action with PPI. It must also perform other actions directed to minimize possible interactions such as spacing the administration of clopidogrel and PPI over time, tomorrow vs. night (88) .
CONCLUSIONS
PPIs are a family of highly effective drugs for the treatment and prevention of common and significant gastrointestinal diseases related to gastric acid secretion. They have good pharmacological and safety profile even when administered for long periods of time. This profile has led to an overuse of these drugs both in ambulatory care and in hospital setting; therefore, it required to use conforms to the stated guidelines based on clinical evidence. While different molecules of PPI have shown high clinical efficacy in many indications, last generation of PPI has been more effective in eradication treatment of H. pylori infection and severe reflux esophagitis. There are very few studies that have examined the efficacy of the original PPI compared to generic preparations of these drugs and so far they have not shown differences in clinical use. In the coming years we will have new molecules of gastric antisecretory drugs that will further enhance the excellent pharmacological and clinical profile of PPIs.
